This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



-*04; 15:46 ; REED TECH 



; 1 23 



JP2631607B2 

Bibliographic Fields 

Document Identity 

(19)[»fTH] 

e*a»iriT(jp) 

(li)HMHHH 

»2631607# 
(45)[*ftB] 

¥«94p(1997)7fl16B 
(43)[^B8B] 

¥J»6*(1994)4fl28B 

Filing 
<24)[**B] 

¥fiE9#(1997)4^25B 

(21) [diH#^] 
ftjffl¥4-268809 

(22) causas] 

¥f£4*£(1992)10E7B 

Public Availability 

<45)[JM*B] 

¥^9^(1997)7^168 
(43)[^BBB) 

*FJ$6*(1994)4E28B 

Technical 
(54)[«W<0*»] 

HOIS 3/038 

3/225 

[FI] 

HOIS 3/03 B 
3/223 E 

8 



1997-7-16 



(19) [Publication Office] 
Japan Patent Office (JP) 
(12) [Kind of Document] 
Japanese Patent Publication (B2 ) 
(11) [Patent Number] . 
second 6 31 607 number 
(45) [Issue Date] 
1997 (1997) July 16 days 

(43) [Publication Date of Unexamined Application] 
1994 (1994) April 28 days 

(24) [Registration Date] 
1997 (1997) April 25 days 

(21) [Application Number] 

Japan Patent Application Hci 4 - 268809 

(22) [Application Date] 
1992 (1992) October 7 days 

(45) (Issue Date] 

1997 (1997) July 16 days 

(43) [Publication Date of Unexamined Application] 
1994 (1994) April 28 days 

(54) [Title of Invention] 
LASER DEVICE 

(5 1) [International Patent Classification, 6th Edition] 

HOIS 3/038 

3/225 

[FI] 

HOIS 3/03 B 
3/223 E 

[Number of Claims] 
8 



Page 1 Paterra Instant MT Machine Translation 



-04 115:46 ; REED TECH s* ;123 

■v 



JP2631607B2 
[iHW 

7 

(56)[##*j«] 

[**] 

#M ¥4-101475(JP. A) 
[XK] 

ftBH ¥4-101476(JP. A) 

[XHM 

»9fl ¥4-101474(JP. A) 
(65)[fcH»#] 
1#Bfl¥6- 120582 

Parties 

Assignees 

000001236 

[ft*X(i*«;] 

HESr»^E*fi-Tl3#6* 

Inventors 
(72)[*B#] 
[ft*] 
3tP tr 
[£BrXligSr] 

»SJIIft¥Sm^ffl1200 fcstSfctt 

(72)[»«#] 

[ft*] 

>h£ 

[ttBrXliJSBr] 

tt« III *¥i£7tT35EB 1200 t*j£#tt >l*fc» 

(72)[*6SB#] 
[ft*] 

asm* 



1997-7-16 

[Number of Pages in Document] 
7 

(56) [Qted Reference^)] 
[Literature] 

Japan Unexamined Patent Publication Hei 4 - 101475 (JP.A ) 
[Literature] 

Japan Unexamined Patent Publication Hei 4 - 101476 (JP>A ) 
[Literature] 

Japan Unexamined Patent Publication Hei 4 - 101474 (JP.A ) 
(65) [Publication Number of Unexamined Application (A)] 
Japan Unexamined Patent Publication Hei 6 - 1 20592 



(72) [Inventor] 
[Name] 

Mizoguchi meter 
[Address] 

Inside of Kanagawa Prefecture Hiratsuka City Manda 1200 
Komatsu Ltd. (DB 69-054-1560 ) research laboratory 

(72) [Inventor] 

[Name] 

Kowaka Masahiko 
[Address] 

Inside of Kanagawa Prefecture Hiratsuka City Manda 1200 
Komatsu Ltd. (DB 69-054-1560 ) research laboratory 

(72) [Inventor] 

[Name] 

Kobayashi Yukio 



(73) [Patent Rights Holder] 
[Identification Number] 
000001236 
[Name] 

KOMATSU LTD. (DB 69-054-1560 ) 

[Address] 

Tokyo Prefecture Minato-ku Akasaka 2-Chome 3-6 



Page 2 Paterra Instant MT Machine Translation 



J 04; 15:46 ; REED TECH 



; i 23 



JP2631607B2 



1997-7-16 



[ttBfXIiJSSf] 

»£JII»¥*TrT^ffl1200 /J^tt 
t*rW WfcSrW 

Agents 

(74)[ftSA] 

*# 
[«*] 

3J5 IE 
Claims 

(57)[*gt1**<DfiB] 
[»** 1] 

ix—^^>/^(7)fi^*rfi]fz»-Dr-hTic»fSi 



x<dx<wo.oi<o.5 &*5\zm 

[Sf#«2] 
[IS#*3] 

®ttirLfc»#Hi i E*<Z)U-1f St. 

[MUM] 



[Address] 

Inside of Kanagawa Prefecture Hiratsuka City Manda 1200 
Komalsu Ltd (DB 69-054-1560 ) research laboratory 

(74) [Attomey(s) Represemiiig All Applicants] 

[Patent Attorney] 

[Name] 

Kimura Takahisa 
[Examiner] 

Kawahara righteousness 

(57XClaim(s)] 
[Claim 1] 

Opposing to top and bottom alongside lengthwise direction of 
laser chamber, excitation doing laser medium gas which 
discharges between 2 electrode which are arranged isenclosed 
into aforementioned laser chamber, in laser device which 
generates laser beam. 

As H makes electrode which possesses boss which protruding 
isdone at least one among aforementioned 2 electrode, 
destined for the electrode of other, width of aforementioned 
boss to thedischarge width abbreviating agreeing, 
Furthermore when width of aforementioned boss height of x* 
aforementioned boss h« aforementioned boss tip 
anddescription above distance of electrode which opposes 
designating the width of electrode which possesses d« 
aforementioned boss as W, 

In order x<dx<W0.01 



[Claim 2] 

Among cross section of electrode transverse direction of 
aforementioned boss, laser device 0 which is stated in Claim 
1 which designates portion of shape of portion which opposes 
to electrode of other as circular arc 

[Claim 3] 

Among cross section of electrode transverse direction of 
aforementioned boss, shape of portion which opposes to 
electrode of other laser device^ which isstated in Claim 1 
which is made shape of portion of ellipse 

[Claim 4] 

Among cross section of electrode transverse direction of 
aforementioned boss, as for the portion which opposes to 
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electrode of other laser device* which isstated in Claim 1 
which has possessed corner which consists of straight lines of 
plural 

[Claim 5] 

configuration it is done with material where among electrode 
whichpossess aforementioned boss, aforementioned boss 
consumptionis tittle with discharge, possesses electrical 
conductivity, with materia] where portion other man 
aforementioned boss fabricability is good, possesses electrical 
conductivity configuration laser device« which is stated in 
Claim 4 which is done 

[Claim 6] 

Sticking conductor to both sides of conductor, laser device* 
which isstated in Claim 1 which electrode which possesses 
aforementioned boss by arranging, configuration is done 

[Claim 7] 

laser device« which is stated m Claim 1 where discharge 
voltage designates the electrode which possesses 
aforementioned boss, as electrode sidewhich imparting is 
done, arranges conductor in electrode transverse direction 
both sides of this electrode 

[Claim 8] 

As for aforementioned laser device, optical resonator which 
possesses wavelength selecting element being provided, with 
said optical resonator laser device which is stated in Claim 
I which is a narrow band oscillation laser device which 
excitation wavelength of aforementioned laser beam band 
narrowing is done 

[Description of the Invention] 
[0001] 

[Field of Industrial Application] 

this invention regards laser device of discharge excitation type 
which is usedfor material processing and or other light source 
for projection exposure. 

[0002] 

[Prior Art] 

excimer laser device of discharge excitation type is used other 
than marking* hole-opening, annealing or other material 
processing, as light source for photolithography of circuit 
pattern production of large scale integrated circuit (LSI ). 

namely, excimer laser with strong ultraviolet light source , 
utilizing characteristic is used for marking, hole-opening 
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[0003] 



^#>bS6±-f * g «(463nm). i «(365nm)jo<ffi 
[0004] 

64MB TS**tl5 0.25 x/m teTF<D££*fc i 
*T&-t-C\z&&hLTlt*7>**>!&mz£T 

*H(Deep Ultra Violct)U-+P3t»*<*aa$ 

<Dm.&L\Z£l) Kr F(248nm) . Ar 
F(193nm)^if<DS3tft-C?3ftC>*«*»*CfcD< 

[0005] 

-#.±gB Deep-UV */HMBU> 



5 pm fco fcfcft A<ft pm ft* 
[0006] 



etc to resm or other organic material mainly as material 
processing use. 

In addition, projection doing transmitDod light of original 
(reticle ) pattern where reduced projection method is used 
mainly in photolithography , is illuminated by ilhiminating 
light source in photosensitive substance on semiconductor 
substrate with reduced projection optical system, it forms the 
circuit pattern. 

[0003] 

Because it is restricted with wavelength of tight source where 
by way.resolution of projected image of above-mentioned 
circuit pattern is used wavelength of light source from visible 
region trend to short wavelengths has made gradually to 
ultraviolet domain. 

g-line which until recently, occurs from high pressure 
mercury lamp as light source ofthis ultraviolet domain (463 
nm ), Mine (365 run ) was used. 

[0004] 

But minimum pattern lincwidth being memory capacity 64 
MB, when it becomes 0.25;rau m or less which arerequired 
even with i-linc as wavelength already it has come to the limit 
gradually. 

It is considered that deep ultraviolet (Deep Ultra Violet ) laser 
light source is promising as those inorder to solve this 
technically limit 

Especially, excimer laser with high output, high efficiency , 
Kr F (24$ nm X can acquire thestrong oscillation with Ar F 
(193 nm ) or other short wavelength with composition of 
medium gas. 

[0005] 

On one hand, with above-mentioned Deep- UVdomain, 
because glass, crystalline material which reduced projection 
lens system configuration is done very constraint it is done, 
chromatic aberration revision which is used with reduced 
projection lens system which uses-mercury lamp 
becornesdifficult 

Then, is not chromatic aberration to revise lens system and 
etalon or other wavelength selecting element is arrangedinside 
laser resonator, to extern where chromatic aberration of lens 
material can ignore spectral width of output light difficulty is 
removed by thefact that it makes small 

With this method in case of natural oscillation with spectral 
width to be thin the band narrowing is possible lincwidth 
which several hundred pm is to several pm. 

[0006] 
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This way laser device of discharge excitation type is applied 
extensively as light source for industry. 

But when it applies to industry, width of discharge changes 
withcoosumption of discharge electrode and there is a 
problem that with that beam width of laser changes. 

[0007] 

Therefore when you use, as processing use, this change makes 
transverse mode bad, condensability of beam changes, causes 
change of output andbecomes problem in regard to utility and 
Akira cracks. 

In addition, when you use as light source for photolithography 
change of the width of this output light like below causes also 
problem at time ofutilizing narrow band excimer laser. 

[0008] 

As for wavelength selecting element which is used for 
namely, band narrowing as for having angle dispersive 
characteristics it is well known. 

When diffraction grid (grating ) was used as for example 
wavelength selecting element, in order to make spectral width 
small, when it is necessary to restrict emission angle of the 
laser, emission angle of laser is large, it has property thatalso 
spectral width spreads. 

Therefore discharge width changes, when gain domain 
changes, also spectra] width changes largely because beam 
diver Gene X of laser beam changesand performance of 
exposure it is something which deteriorates. 

[0009] 

Then, in order to solve such problem, laser medium gas 
excitation to do mis applicant and patent application we have 
done width of electrode of at least one of discharge electrode 
of pair in order to form inverse distribution, in regard to the 
technology which you abbreviate agrees to discharge width, 
(Japan Patent Application Hei 2- 21 9603 
number), furthermore, in both sides vicinity of on other hand 
electrode, patent application it has done in regard to 
technology which arranges electrical conductivity structure in 
order to ease electric field, (Japan Patent Apphcation Hei 2- 
21604 number). 

[0010] 

Because with these technology , self shape maintenance is 
actualized with negative feedback mechanism of one kind in 
discharge electrode, laser device of discharge excitation type 
over the long period discharge width is driven to stability has 
become possible without changing. 
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[oou] 

[0012] 
[0013] 

B 12 f±iS«E(Dfem«EA<fflSl$*i4*a 
20(*V-K«ffi)ir»4fe**iT^4«a 21(7V 

ttEtmftAttFtDtt^B***. ws<&*t> 

«(2 fiffl«jzr*-T)j:y)ti!ifz-D^r*-rH 



CCT\ *& 20. 21 <D«ffi<Ilift WiKfc- 



*e«« 20 ffl*^«&tt e iz±^xm*tiz> 

Xft\t.t!>rL$*m 20 21 
t&fttoXftkW-ftlzlttttlz^ JMEfflT?* 

[0014] 



[OOU] 

[Problems to be Solved by the Invention] 

This way stabilizing discharge long period without changing 
width (Vis-a-vis discharge direction vertical direction ), 
electrode width in order to become same as discharge width, 
bymalcing narrow over it is designed in such a way that 
driving is done. 

But, profile of light beam changes in discharge direction, 
there is anapprehension where stability is impaired. 

[0012] 

these inventors does experiment, it depends on distribution of 
electric field the phenomena that in electrode periphery 
profile of this light beam changes, you verify. 

[0013] 

Figure 12 when discharge voltage of high voltage electrode 
20 which imparting isdone (cathode electrode ) with 
discharging between electrode 21 (anode electrode ) which 
ground is done, is figure which shows circumstances of 
distribution of equipotential line E and electric force line F, 
center line of electrode (It shows with double-dot, dashed 
line . ) from concerning one side. 

Here, electrode width of electrode 20, 21 having abbreviated 
and agreeing to thedischarge width. 

As shown in same Figure, that it becomes kind of shape 
where the lobe of electrode 20. 21 pushes up equipotential 
line E it understands. 

In addition, with discharge circuit of actual laser device, 
because it becomes kmdof shape which is surrounded by 
metallization member where electrode 20 of high voltage side 
has ground potential, it has become kind of distribution where 
high voltage electrode 20 side issurrounded with equipotential 
line E. 

Because of this, direction of electric force line F which 
crosses in equipotential line E become parallel with direction 
of linear part which always ties the electrode 20 and electrode 
21 , has expanded to outside whhhigji voltage side, $ ishas 
shown distribution of drop type which is in ground side. 

[0014] 

Here, widely known way, charge particle which contributes to 
electric discharge while moving alongside electric force line 
F, forms discharge region which has laser activity. 

Therefore, with portion where electric flux density 
distribution (Being packed condition of electric force line F ) 
of this electric force line F is large, also discharge current 
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[0016] 
[0017] 
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*ttti=. WE3?fiap(75<e£te««ir 
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density which excitation is done becomeslarge, gain of laser 
gas large, but with portion where the electric flux density is 
small conversely, also discharge current density which 
excitation isdonc becomes small, gain of laser gas smalL 

[0015] 

When it tries applying dils to Figure 12, in order to be clear 
from distribution of electric force line F, with high voltage 
side beam intensity becomes small, the beam intensity large 
with ground side. 

In Figure 13 it shows with graph this, as relationship between 
the position Z and light intensity of discharge direction. 

As for inhomogeneity of light intensity in kind of discharge 
direction which is shown in same Figure, change of profile of 
light beam in discharge direction is caused. 

Furthermore, when with lapse of operating time of laser 
change etc of shape of discharge electrode occurs, change of 
electric force line F is pulled up, also electric flux density 
distribution of discharge direction changes, means that also 
distribution of light intensity which is shown in Figure 13 
changes. 

[0016] 

As for this invention, considering to such actual condition, 
bemgsomething which it is possible, stabilizing from laser 
with the profile of light beam in discharge direction as those 
of uniform, it tries todrive, it has made objective. 

[0017] 

[Means to Solve tie Problems] 

Then, excitation doing laser medium gas which with main 
invention of thisinvcntion, opposing to top and bottom 
alongside lengthwise direction of laser chamber.discharges 
between 2 electrode which arc arranged is enclosed into 
theaforementioned laser chamber, in laser device which 
generates laser beam, the at least one among aforem e nti oned 
2 electrode, As it makes electrode which possesses boss 
which protruding isdone destined for electrode of other, width 
of theaforementioned boss to discharge width abbreviating 
agreeing, Furthermore when width of aforementioned boss 
height of x % aforementioned boss h« aforementioned boss 
tip anddescription above distance of electrode which opposes 
designating the width of electrode which possesses d« 
aforementioned boss as W, 

In order x<dx<W0.01 
[001 g] 

[Working Principle] 
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If electrode of this configuration is used, as size of light 
intensity in the discharge direction is done homogenizarJon, 
also change of light intensity which accompanies operating 
time lapse of laser is controled 

Because of this, profile of light beam in discharge direction 
becomes uniform always, it stabilizes from driving laser and 
does is possible. 

[0019] 

[Working Examples)] 

Below, referring to drawing, you explain concerning Working 
Example of the laser device which relates to this invention. 

[0020] 

Figure 1 is something which shows configuration of narrow 
band exiroer laser device in conceptual as laser device of 
discharge excitation type. 

In addition, Figure 2 has shown A-Across section of Figure 1. 
[0021] 

As shown in these figures of namely,, Kr * F2 or other laser 
medium gas is enclosed inside laser chamber 1 and is filled 
up, this laser medium gas electrode 5 which is arranged in top 
and bottom alongside lengthwise direction of laser chamber 1 
(cathode electrode \ discharges with the electrode 6 (anode 
electrode ), laser oscillation is done by excitation being done. 

namely, laser beam with laser chamber 1 and front mirror 2 
and grating 3 which is a wavelength selecting element 
resonance is done with optical resonator which configuration 
is done, is outputtedas effective laser beam L from front 
mirror 2. 

In this case, grating 3 as oscillation light band narrowing is 
done, beingsomething which functions as rear mirror, has 
taken so-called Littrow. 

Furthermore, 4 has shown aperture. 

[0022] 

In Figure 2 domain which is surrounded with broken line in 
between electrode 5, 6 has shown discharge excited region in 
conceptual. 

In namely, Figure 2, electrode 5 with high voltage side . is 
supported with insulating member 7 which has possessed 
electrical insulating property. 

electrode 6 of other with ground side , is connected to anode 
current returning metallization 8. 

loop where discharge current flows and this metallization 8 by 
ground being done is formed. 
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As for these electrode 5, 6 with so-called main discharge 
electrode, preparatory ionization electrode pair in order 
toassure homogenizaticm of main discharge is arranged in 
both sides of main discharge electrode of these pair. 

[0023] 

electrode 5 with boss 5a which protruding is done 
configuration is donefirom electrode main body 5b destined 
for electrode 6 which opposes with electrode main body 
5b,width of boss 5a in x, height of boss 5a in the h, width of 
electrode main body 5b is made W. 

On one hand, electrode 6 with boss 6a which protruding is 
done the confi guration is done from eUctrode main body 6b 
destined for electrode 5 which opposes with electrode main 
body 6b, width of boss 6a in XQPP Y\ height of the boss 6a 
in XQPQ R\ width of electrode main body 6b is made XQPQ 
U\xhW 

And, as for distance between boss 5atip and boss 6atip in d, 
asfor distance between electrode main body 5btip and 
electrode main body 6btip h is made D. 

[0024] 

Here, XQPP Q* of boss 5a. 6a respectively tries to become 
small the boss in comparison with distance d between, in 
addition, XQPP Prespectively tries to become small in 
comparison with XQPP V 1 of electrode main body which 
corresponds, widm x. xequal width x. xwidth W. W 

10025] 

portion of portion which opposes to inside electrode 6 of cross 
section of boss 5a is formed to circular arc shape which is a 
portion of circle of specified radius. 

In same way, also portion of portion which opposes to 

the inside electrode 5 of cross section of boss 6a, is formed to 

circular arc shape whtehis a portion of circle of specified 

radius. 

Furthermore, it is possible portion, which opposes to inside 
electrode 6 of cross section of boss 5a or portion which 
opposes to theinside electrode 5 of cross section of boss 6a to 
make shape which showsportion of ellipse of specified short 
major diameter ratio. 

Portion of portion which opposes in same way concerning the 
electrode main body 5b. 6b in circular arc, or portion which 
opposes is made shape ofportion of ellipse- 

And, XQPP Q f of boss 5a. 6a to have abbreviated and agree 
to thedischarge widm (It shows with broken line . ), surface 
which opposes to electrode 6. 5 of theinside respective other 
of boss 5a* 6a forms discharge surface, width x. x 

And, in regard to section dimension of electrode 5, 
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h/(W-x)=0.3 -(1) 

UTtt lOm/s ©19-iWfX3ti«*« 5.6 <D* 

¥*is](u— i <DS**i*)ic«feja£ 

L-C.XeJCr.Ar ££4>4KTX. F2.C12 fc4f«>/\ 
*lS*<. CKDfcJMTCtt. Kr £*#XfcLT. F2 

[0026] 
[0027] 

a 3 \z&-t*5iztk9nmiz&\+&*miM e 

So 

zatzth. si 4 ir^-r^rc. «*a>*,<B(iH 13) 



h/(W-x) = 0.3...(l) 

With relationship which is said has been formed 

Furthermore, in order, when repeat frequency is high, occurs 
inside the laser chamber I , to hold down temperature rise of 
laser medium gas, air blowing device which consistsof fan 
and heat exchanger is arranged, uniform gas stream of 
approximately lOm/sis formed by tengthwi se direction 
(lengthwise direction of laser chamber 1 ) of electrode 5, 6 in 
when discharging, cooling isdone. 

Furthermore, XeJ(r»Aror other rare gas. F2.C12 or other 
halogen gas. He,Neor other buffer gas is used generally 
configuration is done laser medium gas as gas which, you use 
He, Ne, but with this Working Example, with the Kr as rare 
gas, with F2 as halogen gas, as buffer gas. 

[0026] 

In this configuration, when discharging, circumstances of 
distribution of the equi potential line E and electric force line 
F, are shown in Figure 3 center line of electrode 5, 6 (It shows 
with double-dot, dashed line . )from concerning one side. 

Furthermore, this is figure which corresponds to Figure 12 
whichis mentioned earlier. 

In addition, relationship between position Z and light intensity 
of discharge direction is shown in Figure 4. 

Furthermore, this is graph which corresponds to graph of the 
Figure 13. 

[0027] 

As shown in Figure 3, as for distribution of equipotential line 
E in discharge region, almost with symmetry , at same time as 
for equipotential line E discharge direction that it becomes 
almost vertical it understands in regard to center of both 
electrode 5, 6 in discharge direction. 

Because of this, as shown in Figure 4, tig}* intensity in 
discharge direction conventional ones (Figure 13 ) with by 
comparison in uniform, light intensity distribution from 
asymmetry isimproved to symmetry in other words, in regard 
to center position between electrode 5, 6. 

Therefore, according to this Working Example, profile of 
light beam in the discharge direction becomes uniform. 

Furthermore, it is controled change of light intensity in 
discharge direction whichaccompanics operating time lapse of 
laser in comparison with conventional ones. 

Because of this, profile of light beam in discharge direction 
becomes uniform ones always and from driving laser 
stabilizes and is done. 
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[0028] 
[0029] 



Here, this Working Example is explained to theoretical. 
[0028] 

Generally, symmetric f of light intensity distribution in 
discharge direction is defined with thefoUowing formula. 

[0029] 
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relationship between position Z and light intensity 1 is 
displayed like for example Figure 5. 

As for above-mentioned Formula (2) when value of f is 
iargc,thcrc is a symmetric, in other words light intensity 
distribution in discharge direction is flarjt has shown . 

As h/ (W-x ) with shown relationship with f in the Figure 6 by 
various changing dimension x« h* W regarding electrode 
(cathode electrode ) sufcwmch is surrounded with 
equi potential line E, experimentally it sought this inventor etc. 

However, as for this experiment, 



x<dA>Ox<W 
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With it did under condition which is said. 


As shown in same Figure 6, 


O. 01<h/(W-x) 
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[0030] 

m 7 it. * y-ffM 9 a>*lc£g£ifti-K c*i 
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Revolution is done symmetric (f 
[0030] 

Furthermore, with Working Example, mat has tried provides 
also both boss of pair of electrodes, but it is possible that 
provides boss in only electrode of one side. 

Figure 7 provides protrusion in only cathode electrode 9, as 
for anode electrode 10 whichopposes to this in figure which 
shows distribution of equipotential line E m(electrode 10 
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[0031] 



[0032] 

*f=. H 8 li. El 7tPHtlc^»««)triB€*L 
fc«a*f* lib ±l=S6fitt<DlSt««« 1 la *< 
KB^tifcWa 11 i^fitfgftltbftTt^JX* 
*« 12(«a 12 S**4<3lfiSp-c&*)i:-e-» 

«D*a*«i£Lfc»^a)a«tt« e <dwhz 



13 tfEStetiri^fcfc.BiE-cttaafl: u 



[0033] 

*a*# i4b ±ic*fitt<©isama ua tm 
«$tifc«a H sissKu-bft-u^^a 
a is(«a is »<d 
aatftaLfcaftaaaaa e <©#*p*i* 
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itself is boss. ) case where boss is not provided, discharge 
electrode 9a of protuberance isinstallod os electrode main 
body 9b which possesses cross section of tank shape. 

We have become distribution of equipotartial line E which is 
similar to Figure 3 which is mentioned earlier even with this 
Working Example, stabilize driving the laser and do it is 
possible. 

[0031] 

Furthermore because, as for having installed boss 9a in only 
the high pressure side electrode 9, as for electrode lOof 
ground side, metallization for frHfrgffr current to havedone 
electrode main body and equivalent function, (In order even 
with ground side for equipotcntial line to become 
verticalvis-a-vis discharge direction, distribution it has 
done. ), electrode main body can be abbreviatedwith ground 
side. 

[0032] 

In addition, Figure 8 electrode 11 where discharge electrode 
1 1 a of protuberance isinstalled on electrode main body lib 
which possesses cross section of table shape in thesame way 
as Figure 7 and electrode 12 where protrusion is not provided 
(electrode 12 itself is boss. )with with has shown distribution 
of equipotcntial line E when configuration it does the pair of 
electrodes. 

With this Working Example, furthermore cylindrical 
conductor 13 is arranged m corner part of the both left and 
right sides of electrode main body lib of tank shape cross 
section, (Furthermore, with drawing as for conductor 13 only 
those of one side are shown. ). 

Because of this it could expand effective width of high 
pressure side electrode 11, that simflarcffect is acquired, 
means that uniformity > symmetric in discharge direction of 
beam ismore unproved. 

[0033] 

In addition, Figure 9 electrode 14 where discharge electrode 
14a of protuberance isinstalled on electrode main body 14b 
which possesses parallel side surface in discharge direction 
and the electrode 15 which has not been provided protrusion 
(electrode 15 itself is boss. ) with with has shown die 
distribution of equ .potential line E when configuration it does 
pair of electrodes. 

Furthermore, corner of electrode main body 14b is made 

circular arc. 

We have become distribution of equipotcntial line E which is 
similar to Figure 3 which is mentioned earlier even with this 
Working Example, stabilize driving the laser and do it is 
possible . 
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[00351 

ctiii, *«*wccky*#<D«*oa*A<#* 
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[0037] 
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[0034] 

By way, generally exciraer laser because F2 , C12 or other 
halogen gas where deposit coefficient of electron is large in 
laser medium gas is included is said rhatriischargc is easy to 
become unstable. 

Because of this it does shape of discharge surface of electrode 
configuration withsuch as plane which does not have smooth 
curved surface or angle, unstable ofdischarge have tried to 
cancel. 

Speaking conversely, when it is a electrode which possesses 
angle and the protrusion or other shape, electric field strength 
to become with large, because discharge becomes the 
uns tabl e. 

But, as for forming di scharge surface with smooth curved 
surface, when discharge surface is forrocdwith combination of 
straight lines of plural, comparing, production cost becomes 
with larger, it is clear . 

[0035] 

But, according to this invention, combining cross section 
shape of boss with the straight lines of plural, it tries to 
become, simplification assures, production cost can decrease. 

As for this, ameliorating effect of electric field to be acquired 
by electrode main body .because of this, assuming, that boss 
simplification was ck>ne,stabilizing laser without moving to 
arc discharge or other deficiency discharge, because itcan 
drive. 

[0036] 

Figure 10, boss 16a of electrode 16 and cross section shape of 
boss 17a of the electrode 17 being something which 
configuration is done combining straight lines of plural, has 
had comer 16c. 17c of shape which becomes combining the 
straight lines of plural. 

This way production cost of electrode can be decreased 
stability of driving laser being impaired by smrotification 
doing cross section shape, without 

[0037] 

With Figure 10, it has become shape where cross section 
shape fabricabilny isnot good concerning electrode main body 
16b. 17b„ but as shown in Figure 11 (a), as the electrode 
main body 16b. 17b configuration is done with easy material 
of processing, boss 16a. 17a tries to do configuration with 
high melting point metallic material whose consumption is 
little withdischarge, material is trained with electrode main 
body and boss uncommormcss, it ispossibie & way. 

[0038] 
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[0039] 

[Hi] 

B lJi*WSllz&i>ls-*f 
[012] 

H 2 (*H 1 0 A-A Bfffi**-rRffiH-C** ft 
[S3] 

[04] 

0 4 l±0 2 l=aM»m=*yM£fT?fc£* 

[05] 
[06] 

[07] 



[08] 



In addition, as shown hi Figure 1 1 (b X sticking conductor 
18b, 18c in order toease electric field in both sides of 
electrode 18a, arranging, it can makeihings such as electrode 
and equivalent which protruding do boss because of this on 
electrode main body. 

In this case, it can decrease from labor* ttoicarJon cost of 
production. 

[0039] 

[Effects of the Invention] 

As above explained, according to this invention, you can do to 
those of the uniform profile of light beam in discharge 
direction always, stabilize from the laser and in order to drive, 
you reach point where it is possible. 

[Brief Explanation of the Drswing(s)] 

[Figure 1] 

Figure 1 is figure which shows configuration of laser device 
whichrelates to this invention in conceptual. 

[Figure 2] 

Figure 2 is sectional view which shows A-Across section of 
Figure 1. 

[Figure 3] 

Figure 3 using electrode which is shown in Figure 2, 
whendischarging, is figure which shows circumstances of 
distribution of equipotential fine. 

[Figure 4] 

As for Figure 4 when discharging with electrode which is 
shown in die Figure 2, it is a graph which shows relationship 
between position and light intensity in discharge direction. 

[Figure5] 

As for Figure 5 it is a graph which shows relationship 
between position and light intensity in discharge direction. 

[Figure 6] 

Figure 6 is graph which shows relationship between 
parameter and extent of symmetric which regard section 
dimension of electrode winch possesses boss. 

[Figure 7] 

As for Figure 7 it is a figure which shows circumstances of 
the distribution of equipotential line in other Working 
Example. 

[Figure 8] 

As for Figure 8 it is a figure which shows circumstances of 
the distribution of equipotential line in other Working 
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Example. 
[Figure 9] 

As for Figure 9 it is a figure which shows circumstances of 
the distribution of equipotential line in other Working 
Example. 

[Figure 101 

Figure 10 cross section shape is oblique view which shows 
electrode which possesses boss which configuration is done 
with combination of straight lines of the plural. 

[Figure 11] 

Figure 11 cross section shape is sectional view which shows 
electrode which possesses boss which corifiguration is done 
with combination of straight lines of the plural 

[Figure 12] 

Figure 12 when discharging making use of conventional 
electrode, is figurewhich shows circumstances of distribution 
of equi potential line. 

[Figure 13] 

As for Figure 13 when discharging making use of 
conventional electrode, it is a graph which shows relationship 
between position and light intensity in discharge direction. 

[Explanation of Symbols in Drawings] 

I 

laser chamber 
5 

electrode (cathode electrode ) 

5a 

boss 

5b 

electrode main body 
6 

electrode (anode electrode ) 

6a 

boss 

6b 

electrode main body 
[Figure 1] 
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[H5] [Figure 5] 
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[Figure 6] 



[H11] 




(Figure 11] 



[Figure 13] 



[Figure 7] 
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[Figure 8] 



i 



[09] (Figure 9] 
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IS 10] [Figure 10] 




[012] [Figure 12] 
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